Soudan mine in Minnesota, and Sadoulet, who co-chaired a review of underground science for the NSF, says his committee received around 80 letters of interest in the new lab.
Then there is the problem of depth: the Soudan mine is 710 metres deep, but most of the newer experiments need to go deeper. Sadoulet's own experiment at Soudan probes dark matter -particles that interact only rarely but make up roughly a quarter of the mass of the Universe (see page 240). He says the next generation will be ready before Homestake and will be sited at the 2,070-metre-deep Sudbury Underground Laboratory in Ontario, Canada.
Such physics is being driven ever deeper underground. As particle accelerators increase in size and cost, rare-event physics of the sort that can be done only beneath thousands of metres of rock is seen as an increasingly attractive means of probing big questions. For instance, a phenomenon known as neutrinoless double-beta decay, an extremely rare event that occurs during the decays of some nuclei, could prove that neutrinos are their own antiparticle. Such a finding would have implications for the standard model of particle physics, and could explain why there is more matter than antimatter in the Universe today.
The search for these rare processes typically requires that detectors sit for years gathering just a handful of events. The need for increased sensitivity of such experiments also sends them deeper, because each successive metre of rock gives more effective shielding from disruptive cosmic rays. The world's two deepest laboratories, Mont Blanc in France and the Sudbury mine in Canada (see graphic), are cramped. Even after an expansion at Sudbury planned for completion by 2008, there will be room for only four large experiments, says Arthur McDonald, a physicist at Queen's University in Kingston, Ontario. "We've had more letters of interest than we've space to house the experiments, " he says.
Homestake would also provide opportunities for geologists and microbiologists. Geologists could use it to study how rock behaves under pressure; such information may help to understand earthquakes. Meanwhile, microbiologists see the lab as an opportunity to study organisms that live far beneath Earth's surface. "Most of these organisms don't depend on oxygen to survive, " says Tullis Onstott, a geomicrobiologist at Princeton University in New Jersey. What nutrients they need, and how they obtain them, could provide clues to how life began, he adds. The academy is keen not to be bypassed by the programme, for which the government has set aside more funds than the entire academy receives. In a move that critics say violates its own rules, in June the academy leadership appointed Kovalchuk, who is not a full member, as acting vice-president for nanotechnology. If approved, the Homestake lab will have campuses at 1,500 and 2,250 metres below the surface, with cavities 50-60 metres in diameter. That would be big enough to handle detectors for the most ambitious searches, says Kevin Lesko, head of the Homestake collaboration and a physicist at Lawrence Berkeley National Laboratory in California. "I'm very excited, " he adds.
The selection of Homestake caps a long and highly politicized process. It was first put forward as a candidate in 2001, quickly winning the backing of powerful local politicians such as Senator Tom Daschle, who was then Democratic minority leader. In 2005, the NSF announced that Homestake and a Colorado mine were the finalists for hosting the underground lab, but protests from losing teams caused the process to be reopened.
Even now, there is no guarantee that the Homestake lab will be built. Local billionaire T. Denny Sanford, together with the state of South Dakota, have pledged some $100 million for an interim site at 1,500 metres, but the deeper facility will require NSF construction money. At present, the agency has approved just $15 million for a three-year, detailed design study. To win full funding, the design must go before the independent National Science Board, where it will compete with other large projects.
Even so, researchers are pleased that the first steps have been taken, and are hopeful that the lab will be built. "It's clear where the science is going, " says Sadoulet. "The frontier is deep." ■
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The abandoned Homestake gold mine will host the world's deepest underground lab.
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